The relativistic Thomas Fermi model of a compressed atom has been modified to account for the finite size of the nucleus. The equation of state of superdense matter based on the modified relativistic Thomas Fermi model has been obtained and is found to have a mixed p4/3 and r/'/3 density dependence of ,pressure. Correction to the electron pressure is about 10 percent at density 109 g cm-S and increases to about 90 per cent at density 1012 g cm-S. The mass limit calculated from the modified equation of state is about 2.5 times the unmodified value. § 1. Introduction
In the usual Thomas Fermi model of the atom, nucleus is assumed to be a point charge. This assumption is not justified at very high densities, such as obtained in the interior of white dwarfs, because there the atomic radius (radius of the Wigner Seitz sphere) becomes comparable to the nuclear radius. The purpose of the present paper is to include the nuclear size correction in the relativistic Thomas Fermi model of the atom, obtain the modified equation of state of superdense stellar matter and calculate the limiting mass. When the density is 10 9 g cm-s the correction to the pressure of the electrons is found to be about + 10 per cent. However, the correction increases with increasing density P,. giving rise to an extra p5/S dependence of pressure, along with p4/3 as obtained by Chandrasekhar.1) Consequently the limiting mass increases and becomes about 2.5 times the Chandrasekhar limit.
In the present paper we shall demonstrate the effect of nuclear size correction, and other corrections, as discussed by Salpeter,2) will be neglected; as these corrections to the limiting mass amount to only 15 per cent. S ) In § 2, nuclear size correction to the relativistic Thomas Fermi modeP) has been derived. The equation of state has been obtained in § 3 and the expression for the limiting mass in § 4. A short discussion of the results is presented in § 5. where the constants A and j3 are defined as
The last term in parenthesis on the right-hand side of Eq. (2·2) represents the spin orbit interaction. We shall neglect this term in further calculations because (i) its effect is comparatively small and (ii) its validity has been disproved by Salpeter2) for the equation of state of stellar matter.
Equation (2·2) reduces to nonrelativistic limit if A 1 / 3 j3xa/2· 3 1 / 3 :> 1. For the extreme relativistic case A 1 / 3 j3Xa/2· 31/3~ 1. Due to finite size of the nucleus in this model the variable x is now restricted in the range x" <x<xa, where x" and Xa are the radii of the nucleus and the atom respectively.
The modified boundary conditions on ¢(x) are obtained' as follows: (i) At distances very close to nucleus, Coulomb force of the nucleus will dominate, i.e. the potential will be entirely due to the nucleus. Hence
(ii) All the electrons belonging to an atom will be distributed in the shell bounded by the nuClear and atomic radii. Thus we must have 
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or where and 1 = "'fax dVJ dx
At very high densities, i_e. densities higher than 10 5 g cm- 3 when Xa is small, a Taylor series solution of Eq. (2 -2) at x = Xa is quite appropriate_ 6 ) So we write for the solution of Eq. (2·2)
where tT are the Taylor coefficients, i.e.
From Eqs. (2-2) and (2-4b) we have 
The second term in parenthesis on the right-hand side of Eq. (2·9) represents the nuclear size correction. x", can be related to the density by Wigner-Seitz approximation. We shall see that this correction increases with density and becomes very important in superdense stars, when the atomic radius tends to the nuclear radius (x",-4xn). We shall now apply this correction to the equation of state of matter in the interior of superdense stars. § 3.
Equation of state of superdense matter
The pressure P of the electron gas is given by1) 
where P and Pn are the matter and nuclear densities respectively and are given by where A is the atomic weight and mH is the mass of the hydrogen atom.
For extremely high densities we have We shall now use our modified equation of state (Eq. (3· 4)) to calculate the Chandrasekhar's mass limit, by Stoner'sB) method. In this method the matter density is assumed to be uniform inside the star. This, of course, is a crude approximation but will give us an idea of the extent to which the nuclear size_ correction in the Thomas Fermi equation of state increases the mass limit.
Other corrections being neglected, we have for an equilibrium configuration
where E" and Ea are the total kinetic and gravitational energies of the star respecti vel y. For the total kinetic energy we have, in the limit where 7J is very large
where M is the mass of the star. Substituting for 7J from Eq. (3·3), we obtain
The gravitational energy Ea is given by
Here G is the gravitational constarit and R is the radius of the star.
Substituting for E" and Ea from Eqs. (4·2) and (4·3) in Eq. (4 ·1), we
where M. is the Stoner'sB) value for the mass limit. Now in the limiting case, due to cutoff at the nuclear radius, Xa~Xn and not zero as assumed in the earlier calculations. Thus in our model, mass limit is obtained not for p = 00 but for P = Pn. This can be understood physically also, since as soon as the matter density approaches the nuclear density, nuclear processes start and the mass will start decreasing.
Thus for the limiting mass ML we have from Eq. (4·4), putting P=Pn, ML ~2.5.
M. § 5. Discussion of the results
Nuclear size correction to the pressure density relation for superdense matter is demonstrated in Fig 1. We see that this correction is quite important for densities greater than 10 9 g cm-3 • For smaller densities this correction is negli-2.00
gible. An important consequence of our . 12 modified equation of state is that the mass limit is increased by about 2.5 times the Chandarsekhar's limit. It might have an important bearing on the theories of evolution of white dwarfs. Detailed inferences from this equation of state are being worked out and will be reported later. From Eq. (3·4) we notice that the nuclear size correction results in an extra p5/3 dependence of pressure in addition to p 4 / 3 as obtained by Chandrasekhar/) and Stoner. B) Our extra density dependence p5/3 is similar to that obtained on the basis of nbnrelativistic model. It may be very interesting to find pM density dependence in the relativistic equation of state when we refer to Eddington's9) criticism of Chandrasekhar's theory. Eddington argued on certain grounds that even at very high densities the pressure must vary as p5/3. We here find that at very high densities (,.., 10 9 gem-a) such a dependence is indeed present in the relativistic equation of state.
However a pure p5/3 dependence of pressure as recommended by Eddington is not desirable. This has been proved by Chandrasekhar/) and Schatzmann. iO ) Thus, an equation of state like Eq. (3·4), which has a mixed p4/3 and p5/3 dependence such that the p5/3 dependence is only important at ultra high densities (> 10 9 g cm -3) and vanishes at comparatively low densities (10 5 -lOB g cm -a) , and which follows naturally from the Thomas Fermi model, may prove to be an important bridge between the theories of Chandrasekhar and Eddington.
At low densities as we have seen, the nuclear size correction to electron pressure is negligible. However, if we still apply this correction, the divergences in the Thomas Fermi equation at the origin will be removed due to cutoff at the nuclear radius. In particular the correlation energy term as derived by Gellmann and Bruecknerll) for an electron gas can now be easily included. An attempt to include this term in the Thomas Fermi model has already been made by Lewis, 12) but numerical results could not be obtained due to the l<?garithmic divergence present in the correlation term at the origin. A cutoff at the nuclear radius will remove the divergence and thus the solution of Thomas Fermi equation with correlation will become much easier.
